Mechanical, energetic, and biochemical changes in long-term volume overload of rabbit heart.
The mechanical and energetic consequences of long-term volume-overload (VOL) hypertrophy have been investigated in rabbits and compared with the consequence in sham-operated controls (SOC). Hypertrophy was induced by creating an aortocaval shunt, and the mechanical, biochemical, and energetic properties of the compensated heart were examined approximately 12 wk later. At 27 degrees C and a stimulus frequency of 1 Hz there were no significant changes in peak stress development, 10-90% rise times, shortening velocity, work, and mechanical power output. There was, however, a prolongation of contractile duration. The inverse relationship between peak stress and cross-sectional area was unchanged in the VOL and SOC groups. Polarographic and myothermic experiments were made on papillary muscles. Hypertrophy produced a small increment in basal metabolism. In isometric studies there were no significant changes in either the activation heat magnitude or the slope of the heat-stress relationship. In isotonic contractions there was no change in work output or total enthalpy (heat + work), and as a result mechanical efficiency was unchanged. A force-length-area (FLA) analysis of the isotonic data showed no significant change in intercept or FLA contractile efficiency. Biochemical studies showed no significant difference in the myosin isoenzyme profile at the time of death. The Ca(2+)-stimulated adenosinetriphosphatase activity of the sarcoplasmic reticulum was unchanged as were the enzymatic activities of mitochondrial citrate synthase and alpha-ketoglutarate dehydrogenase. Interestingly essentially the same data were obtained from the hearts of four animals in failure and from the hearts of seven compensated animals.(ABSTRACT TRUNCATED AT 250 WORDS)